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Functional heartburn is a common disorder and appears
to be composed of several distinct subgroups.
Identifying the different subgroups based on clinical
history only is not achievable at present. The
mechanisms responsible for pain, clinical
characteristics, and the optimal therapeutic approach
remain poorly understood. Response to potent antireflux
treatment is relatively limited. Current and future
treatment strategies for functional heartburn patients
who have failed standard dose proton pump inhibitors
(PPIs) include increased PPI dose in some, as well as
addition of pain modulators in others.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SUMMARY
Despite significant advances in our knowledge of
the mechanisms leading to gastro-oesophageal
reflux, our understanding of the factors responsi-
ble for the symptoms associated with gastro-
oesophageal reflux disease (GORD) remains lim-
ited. Subjects with non-erosive reflux disease
(NERD) account for up to 70% of GORD patients
in the community and serve as a striking example
of our ignorance of the mechanisms underlying
symptom generation in GORD. It is essential to
recognise the diversity of patients presently
grouped under the “umbrella” of NERD in order
to understand its pathogenesis. Functional heart-
burn is an important subgroup of NERD that
includes patients with oesophageal acid exposure
within the physiological range in addition to nor-
mal endoscopy. The mechanisms responsible for
pain, clinical characteristics, and the optimal
therapeutic approach remain poorly understood.
However, recent studies suggest that functional
heartburn accounts for up to 50% of NERD
patients and is an important contributor to the
unpredictable response to antireflux therapy that
has been observed in NERD patients. Due to the
size of this patient subgroup and the complexity
of the underlying mechanisms of their symptoms,
further studies will be necessary in order to
develop effective therapeutic modalities, which
will probably not be limited to acid suppression.

INTRODUCTION
Symptoms are the primary reason for patients to
seek medical attention. Most clinic visits are due
to symptoms and physicians spend much of their
professional life dealing with symptoms.1 In the
last century medical research has focused mainly
on disease processes rather than symptoms.2 This

focus has transformed medicine from a descrip-
tive field to one that explains mechanisms of
disease.1 In fact, in the last century students in
medical schools have been introduced to the pre-
vailing motto that successful treatment of dis-
eases is achievable only by addressing the under-
lying mechanism. However, this change in
attitude towards diseases came at a high cost: our
understanding of symptoms of many medical
disorders remains extremely poor. Furthermore,
we have raised generations of physicians that are
sceptical of symptoms when objective confirma-
tion cannot be found.1 3 4

The emphasis on disease processes rather than
symptoms has not spared the study of GORD.
Despite significant progress in our understanding
of the mechanisms that lead to gastro-
oesophageal reflux, we have made very little
progress in understanding symptoms. Recogni-
tion of transient lower oesophageal sphincter
relaxation (TLOSR) as the main cause for physio-
logical and pathological acid reflux is a typical
example.5 6 While responsible for most acid reflux
events, in reality TLOSRs are rarely associated
with symptoms as most acid reflux events that
occur in GORD patients or in healthy subjects are
never perceived7 (fig 1).

Remarkably, the exact causes responsible for
GORD symptoms continue to elude us. Part of the
problem is our obsessive focus on the oesophageal
mucosal injury produced by excessive acid reflux
rather than on symptoms per se. For decades,
almost all the therapeutic trials in GORD have
concentrated almost exclusively on oesophageal
healing rates and on symptomatic responses in
patients with erosive oesophagitis only. Very few
therapeutic trials have been conducted in patients
with NERD, and even less on symptom generation
in this subset of patients.

Another aspect of the problem is the lack of
association between symptom severity or fre-
quency and the presence or absence of oesopha-
geal inflammation.8 Furthermore, there is no
association between symptom severity and the
extent of oesophageal mucosal injury. Using data
pooled from 16 independently conducted clinical
treatment trials, Carlsson et al examined the
prevalence of heartburn symptoms in patients
with or without erosive oesophagitis.9 Their
meta-analysis convincingly showed that moder-
ate to severe heartburn was as prevalent among
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patients with grade 1 (mucosal erythema) or grade 2
(non-circumferential erosions), with a respective prevalence
of 71.7% and 75.8%, as patients with grade 3 (circumferential
erosions) and grade 4 (oesophageal ulceration) where the
prevalence of heartburn was 74.4% and 64.2%, respectively.9

Other symptoms, such as acid regurgitation, were also equally
prevalent among patients with little or no mucosal injury and
those with erosive oesophagitis .

In recent years, more attention has been directed towards
patients with NERD. This stems from several pivotal therapeu-
tic GORD trials that were conducted in patients recruited in
the community rather than tertiary practices. Two important
findings emerged from these studies: firstly, most community
patients with heartburn have no oesophageal mucosal injury.
Secondly, and this is a priori somewhat surprising, patients
with typical GORD symptoms but a normal oesophageal
mucosa demonstrate lower rates of symptom improvement
with potent antireflux treatment than patients with erosive
oesophagitis.10 These findings require us to reassess our
understanding of the mechanisms that lead to symptom gen-
eration in GORD, particularly in patients with normal
oesophageal mucosa.

DEFINITIONS
Classic GORD symptoms (heartburn and acid regurgitation)
in the presence of a normal oesophageal mucosa have been
used to define NERD, also called endoscopy negative reflux
disease.11 This type of classification assumes that all patients
that present with heartburn have some degree of GORD,
regardless of whether oesophageal inflammation or excessive
oesophageal acid exposure is present.10 Recently, an alternative
definition has been proposed for NERD. NERD would be diag-
nosed in the presence of typical GORD symptoms (heartburn
and acid regurgitation) caused by intra-oesophageal acid, in
the absence of oesophageal mucosal injury at endoscopy.12

This definition implies that GORD symptoms require acid, but
that their cause resides not in the severity or frequency of the
acid exposure, but rather in its perception. It also excludes
those patients with classic heartburn due to non-acid related
stimuli.

NERD constitutes a heterogeneous group of patients. One of
the subgroups includes those patients that have been termed
as functional heartburn. The “Rome II” committee for
functional oesophageal disorders defined functional heart-
burn as an episodic retrosternal burning in the absence of
pathological gastro-oesophageal reflux, pathology based mo-
tility disorders, or structural explanations.13 This definition is
vague and clearly does not provide any clues to the different
underlying mechanisms that may lead to heartburn in these
patients. When it comes to understanding symptoms in GORD

and specifically in patients with functional heartburn, a
traditional “intraluminal” view is insufficient. Other factors
including central and peripheral neural mechanisms should
be taken into consideration in order to understand the basis of
the symptoms experienced by these patients.

EPIDEMIOLOGY
It is unclear how common functional heartburn is, in large
part because most patients with heartburn do not seek medi-
cal attention.14 Several recent population based studies
demonstrated that up to 70% of participants reporting heart-
burn have no evidence of mucosal injury at endoscopy.15 16

These results are in contrast with a previous report that
suggested that approximately half of patients presenting to a
tertiary referral centre with heartburn for the first time had a
normal endoscopy.17 18 Among patients with NERD, between
30% and 50% have normal 24 hour oesophageal pH monitor-
ing, defined by duration of acid exposure (pH <4) over a
period of 24 hours, and thus meet the diagnostic criteria set
for functional heartburn.15 19–21 In a recent study, Martinez et al
evaluated 71 NERD patients and demonstrated that in 50%
that underwent pH testing normal distal oesophageal acid
exposure was present.22

“It is likely that females tend to seek more medical
attention than males, resulting in the false impression
that NERD and functional heartburn are primarily
female disorders”

Demographic studies in patients with NERD revealed a
younger, non-obese, and predominately female group.8 Yet we
have to recall that most patients with GORD as well as those
with functional heartburn never seek medical attention and
thus these reports may be biased. Presently, very little is
known about the medical seeking behaviour of patients with
functional heartburn. However, as with other functional bowel
disorders it is likely that females tend to seek more medical
attention than males, resulting in the false impression that
NERD and functional heartburn are primarily female
disorders.23

SUBCLASSIFICATION OF FUNCTIONAL HEARTBURN
When assessing the underlying mechanisms for GORD symp-
toms in patients with functional heartburn it appears that this
is also a heterogeneous group of patients. The presence of
classic heartburn symptoms in the absence of oesophageal
mucosal injury and abnormal acid exposure may suggest that
some patients are sensitive to physiological amounts of acid
that most normal subjects experience but do not perceive.

Figure 1 Various underlying mechanisms have been recognised as causing acid reflux events. However, patients with gastro-oesophageal
reflux disease (GORD) do not perceive most acid reflux events. The “missing link” represents mechanisms which are currently unknown that are
essential for typical GORD symptoms to evolve in response to acid reflux. TLOSR, transient lower oesophageal sphincter relaxation; LOS, lower
oesophageal sphincter.
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Another subset of patients demonstrates the presence of non-
acid intra-oesophageal stimuli that trigger typical
heartburn.24 Potentially, there are other distinct subgroups
grouped within the functional heartburn group, but data on
these are relatively scant.

The first subgroup, variously termed hypersensitive or acid
sensitive oesophagus, includes patients that despite having an
oesophageal acid exposure within the physiological range
demonstrate a close temporal relationship between symptoms
and acid reflux events. These patients display a similar mean
per cent heartburn episodes at pH <4 (70%) as patients with
NERD and abnormal pH testing (73–85%).22 25 A recent study
has estimated that 40% of patients with functional heartburn
may fall into this category.22 These patients demonstrate a
favourable response to antireflux treatment but only when
high doses of proton pump inhibitors (PPIs) are used.26

In contrast, in another subset of patients there is a very low
correlation between the occurrence of heartburn and acid
reflux. Weiner et al have shown that NERD patients are less
likely to exhibit a strong association between heartburn
symptoms and acid reflux events than patients with erosive
oesophagitis.25 Half of these patients had a symptom index
that was less than 50%. These data suggest that heartburn in
those patients is either due to non-acid related stimuli or fac-
tors other than luminal stimuli. In a similar group of patients,
Martinez et al reported that the mean symptom index was
12.7%, the mean number of acid reflux events 27.5 (compared
with 70.7 in the hypersensitive oesophagus group and 154 in
NERD patients with an abnormal pH test), and that as much
as 40% of symptoms occurred at pH >6.22

“NERD patients are less likely to exhibit a strong
association between heartburn symptoms and acid
reflux events than patients with erosive oesophagitis”

It is highly likely that there are other subgroups within the
functional heartburn group. Some patients demonstrate an
increased sensitivity to minute changes in oesophageal pH,
even if it does not fall below a pH of 4.12 These patients dem-
onstrate lack of relationship between symptoms and acid (pH
<4) reflux events. Therefore, some patients may be mistakenly
considered as having heartburn due to non-acid related
stimuli while in fact exhibiting increased sensitivity to small
increases in oesophageal acid exposure.

Another important factor confounding the categorisation of
patients into groups such as NERD and functional heartburn
stems from the fact that in some instances symptoms and
mucosal injury may have been altered by prior medical
therapy, or dietary or lifestyle adjustments. As these symp-
toms are often chronic, not only will physicians have been
previously consulted, in many instances patients themselves
will have treated their symptoms in a number of variously
effective manners. The potentially confounding effect of these
manoeuvres is poorly understood and not always factored in
many studies.

In fig 2 we propose a classification of the various subgroups
of patients with heartburn symptoms and normal endoscopy
and their estimated respective prevalence.22 Further studies
are likely to expose the full diversity of that large group of
patients that is currently categorised as functional heartburn.

ROLE OF PERIPHERAL AND CENTRAL NEURAL
FACTORS IN THE PATHOGENESIS OF
OESOPHAGEAL SYMPTOMS
Perception of intra-oesophageal stimuli
As previously mentioned, patients with GORD do not perceive
most acid reflux events. Many patients and healthy subjects
demonstrate multiple acid reflux events on pH testing but
often report few, if any, heartburn episodes. It has been

estimated that no more than 5% of all acid reflux events (pH
<4) produce symptoms, either in patients with or without
oesophageal mucosal injury.22 This intriguing observation
raises the obvious question of what in a specific acid reflux
event leads to its conscious perception. It is not clear if a spe-
cific acid reflux event is the determining factor in triggering
symptoms or rather the actual hydrogen ion concentration
[H+] of the refluxate, the summation of several short reflux
events, or an increased number and/or duration of acid reflux
events.

“The most common trigger for GORD symptoms is a
meal”

The most common trigger for GORD symptoms is a meal; in
particular if the meal is high in fat. However, the mechanism
by which fat exacerbates symptoms in patients with GORD
remains controversial. In a recent study, Meyer et al found that
fat infusion into the duodenum of subjects with GORD
significantly shortened latency to onset of heartburn and
intensified the perception of acid induced heartburn.26 The
mechanisms by which luminal fat and potentially other
nutrients may modulate the perception of oesophageal stimuli
remains unclear but may involve cholecystokinin or other gut
neurotransmitters, hormones, and enzymes. While many of
these peptides may exert a local action leading to symptoms,
it is also conceivable that their action may also involve central

Figure 2 Proposed classification of patients with typical heartburn
and normal upper endoscopy as well as subclassification of patients
with functional heartburn. It is likely that the diversity of patients is
broader and there are other potential subgroups that are currently
poorly recognised. Non-erosive reflux disease was replaced by the
term heartburn and normal endoscopy due to the evidence that some
patients under this category have classic heartburn due to non-acid
related intra-oesophageal events.
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neural pathways. It is even possible that other substances in
the refluxate (pepsin, bile) or volume per se are the direct
cause of symptoms.

Several studies have recently speculated that central and
peripheral neural mechanisms modulate oesophageal percep-
tion (fig 3).10 12 Psychological comorbidity (anxiety, stress,
depression, etc.) can modulate oesophageal perception and
cause patients to perceive low intensity oesophageal stimuli as
being painful.27 These psychological factors seem to be associ-
ated with patients paying an excessive attention (hypervigi-
lance) to intra-oesophageal events and thus perceiving or
interpreting these oesophageal events as being painful.28

Stress has been implicated by 64% of GORD patients as an
important cause for symptom exacerbation.29 However, several
studies have failed to demonstrate an increase in acid reflux
during stressful stimuli.30–32 Nevertheless, interventions aimed
at reducing stress (hypnosis and muscle relaxation) have pro-
duced subjective improvement in reflux symptoms ratings.32 33

In a study assessing the effect of psychologically induced
stress on symptom perception in GORD patients, stress
reduced perception thresholds and enhanced the perception
of acid during infusion, regardless of the degree of oesopha-
geal mucosal injury.34

A recent study demonstrated that increased basal sympa-
thetic activity and lower vagal activity, as measured by power
spectral analysis of heart rate variability, are associated with
increased sensitivity to intra-oesophageal acid perfusion in
patients with non-cardiac chest pain compared with healthy
matched controls.35

These data support the concept of humoral, neural, and
psychological factors being associated with an increased sus-
ceptibility to symptoms such as heartburn but do not provide
at this point a satisfactory mechanistic explanation. However,
recent advances in our understanding of the mucosal and

oesophageal neural response to reflux begin to address this
deficiency, and are outlined in the oesophageal innervation
section

IS ACID THE SOLE CULPRIT?
There are mounting data to suggest that the axiom no acid no
heartburn is obsolete. Non-acid intra-oesophageal stimuli
may also lead to the development of heartburn. Oesophageal
balloon distension induces heartburn symptoms in a large
subset of normal subjects and reproduces typical heartburn in
half of GORD patients.36 Furthermore, high frequency intra-
luminal ultrasonography has demonstrated a close correlation
between heartburn episodes and abnormally long durations of
longitudinal muscle contractions in the oesophagus.37 These
muscle contractions and consequent heartburn episodes can
certainly occur in the absence of acid reflux. Thus both of
these studies suggest that mechanical stimuli and motor
events may be perceived as heartburn by some patients, even
in the absence of actual acid reflux.

“There are mounting data to suggest that the axiom no
acid no heartburn is obsolete”

Bile reflux has been suggested as a possible cause for heart-
burn symptoms in patients with NERD but no study to date
has specifically evaluated the role of bile acid in symptom
generation in this group. Assessment of bilirubin pigment
spectrophotometrically, a proxy indicator for bile reflux,
revealed a close correlation between a combination of both
acid and duodenogastro-oesophageal reflux and severity of
GORD, as determined by the presence of oesophageal mucosal
injury and GORD complications.38 However, symptoms were
not specifically examined in this study. The combined reflux
was documented in only 50% of NERD patients compared
with 79% in erosive oesophagitis and 95% in Barrett’s oesoph-
agus. Others have shown that the mean fasting gastric bile
acid concentration in patients with NERD is not significantly
elevated compared with healthy controls.12 Future studies are
needed to further determine if bile acid is a contributing fac-
tor for symptoms in patients with NERD and specifically in
those with functional heartburn.

Recent studies using simultaneous intra-oesophageal im-
pedance and pH measurement demonstrated non-acid gastro-
oesophageal reflux (pure liquid or mixture of gas and liquid)
that was similarly frequent in patients with GORD and normal
controls.39 However, more acidic reflux occurred in sympto-
matic patients with GORD. Vela et al, with a similar technique,
observed that during treatment of GORD patients with a PPI,
postprandial reflux became predominately non-acidic.40 Al-
though less than acidic reflux, non-acidic reflux was also
associated with classic GORD symptoms. It has yet to be
determined if the content or volume is responsible for GORD
symptoms in the studied subjects. Additionally, as with acid
reflux, most of non-acid reflux events are not perceived. How-
ever, assessment of patients with functional heartburn by
using this new technique may prove valuable in the future in
understanding symptom perception.

OESOPHAGEAL INNERVATION
The oesophagus, in common with the rest of the viscera,
receives dual sensory innervation, traditionally referred to as
parasympathetic and sympathetic, but more properly based on
the actual nerves, vagal and spinal.41 The vagal afferent
neurones compose 80% of the vagal trunk and have cell bod-
ies in the nodose ganglia.42 Vagal afferents whose receptive
fields are located in the oesophageal smooth muscle layer are
sensitive to mechanical distension while polymodal (respond-
ing to multiple modalities of stimuli) vagal afferents with
receptive fields in the mucosa are sensitive to a variety of

Figure 3 Proposed conceptual model for symptom generation in
patients with non-erosive reflux disease. This model suggests that
central (through brain-gut interactions) and peripheral mechanisms
are essential for intra-oesophageal stimuli (either physiological or
pathological) to reach the conscious level and thus be perceived.
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chemical or mechanical intraluminal stimuli that under
normal circumstances are not associated with conscious
perception.43 In general, vagal afferents do not play a direct
role in visceral pain transmission at the level of the gut, except
for certain types of vagal afferents that appear to have a pain
modulatory effect.44 Recent reports suggest that vagal affer-
ents also may play a role in perception of oesophageal
distension.44 45 In contrast, spinal afferents, which have their
cell bodies in the dorsal root ganglia, are primarily acting as
nociceptors and are central to the perception of discomfort
and pain.46 Spinal afferents with receptive fields in the muscle
layer and serosa are primarily mechanosensitive. The intraepi-
thelial nerve endings of spinal afferents are likely to be
involved in mediating acid induced pain during topical expo-
sure to intraluminal acid.36 47 Many of these afferents contain
calcitonin gene related peptide and substance P, which are
neurotransmitters that are important in mediating visceral
nociception.42

“The mechanisms by which patients with GORD
develop symptoms remain incompletely understood”

The mechanisms by which patients with GORD develop
symptoms remain incompletely understood. It is postulated
that sensitisation of oesophageal chemoreceptors either
directly by exposure to acid reflux or indirectly through release
of inflammatory mediators is responsible for symptom
generation in GORD.36 Reducing acid exposure in patients
with GORD appears to normalise the sensitivity to acid.48

However, the emergence of symptoms in patients with a nor-
mal oesophageal mucosa and thus without obvious inflamma-
tion remains perplexing, particularly among patients with
functional heartburn where little or no reflux actually occurs.

Both animal models and human studies have demonstrated
dilatation of intercellular spaces during or following oesopha-
geal mucosal acid exposure.49 50 These mucosal findings were
evident regardless of the presence or absence of oesophageal
inflammation.50 51 It is assumed that these morphological
changes result in an increase in paracellular permeability,
allowing acid to reach sensory nerve endings located within
the intercellular spaces.52 However, this altered permeability
does not explain symptoms in NERD and in functional heart-
burn as most acid reflux events (>95%) that occur in these
patients are never perceived and symptoms occur even in the
absence of acid reflux, suggesting the importance of other
factors in modulating oesophageal acid perception.

“Heartburn symptoms may represent activation of a
common pathway in response to different
intra-oesophageal stimuli”

Heartburn symptoms may represent activation of a com-
mon pathway in response to different intra-oesophageal
stimuli. Hypersensitivity to physiological amounts of acid
appears to be the underlying mechanism for heartburn in the
hypersensitive oesophagus subgroup. This hypersensitivity to
acid may stem from peripheral sensitisation of oesophageal
afferents, leading to heightened responses to luminal stimuli
or altered modulation of afferent neural function at the level
of the spinal dorsal root or the central nervous system.53 What
leads to the development of such hypersensitivity remains an
area of controversy. In healthy subjects, Sarkar et al have
recently demonstrated that infusion of 0.1 N hydrochloric acid
into the distal oesophagus for 30 minutes increased the
subsequent sensory responses to electrical stimulation in the
non-exposed proximal oesophagus.54 In comparison, patients
with non-cardiac chest pain already had lower resting
oesophageal pain thresholds in the proximal oesophagus,
which fell further and for a longer duration than in healthy

subjects after acidification of the distal oesophagus. These
patients also demonstrated a decrease in pain thresholds in
the anterior chest wall. Therefore, this study showed the
development of secondary allodynia (visceral hypersensitivity
to innocuous stimulus in normal tissue that is in proximity to
the site of tissue injury) in healthy subjects and non-cardiac
chest pain patients. In the latter group this phenomenon is
amplified and lasts longer. The resulting visceral and somatic
hypersensitivity is likely due to central sensitisation. The
increased excitability of spinal cord neurones appears to be the
result of activation of nociceptive C fibres due to local tissue
injury induced by acid infusion into the distal oesophagus. If
extrapolated clinically, this study suggests that prior injury to
the oesophageal mucosa may lead to the development of cen-
tral sensitisation and visceral hyperalgesia in a subset of
patients long after the local injury has healed.

CORTICAL REPRESENTATION OF PERCEIVED
OESOPHAGEAL ACID
To date, only a few studies have attempted to assess the corti-
cal processing of oesophageal sensation in humans. Aziz et al
examined the human brain loci involved in the processing of
oesophageal sensation using positron emission tomography
(PET) and distal oesophageal balloon distention in eight
healthy volunteers.55 Non-painful stimuli elicited bilateral
activation along the central sulcus, insular cortex, as well as
the frontal and parietal operculum. Painful stimuli resulted in
intense activation of the same areas and additional activation
of the right anterior insular cortex and the anterior cingulate
gyrus. The former is important in affective processing while
the latter is important in pain processing and generating an
affective and cognitive response to pain.56–58 In another study,
Kern et al evaluated activation of cerebral cortical responses to
oesophageal mucosal acid exposure using functional magnetic
resonance imaging (FMRI).59 Ten healthy subjects underwent
intra-oesophageal perfusion of 0.1 N hydrochloric acid over 10
minutes. None of the study subjects reported GORD symp-
toms during acid perfusion. Cerebral cortical activity was con-
centrated in the posterior cingulate, and the parietal and
anteromesial frontal lobes. The superior frontal lobe regions
activated in this study corresponded to Brodmann’s areas 32,
the insula, operculum, and the anterior cingulate. Further
studies are needed to assess cerebral cortical activation in
symptomatic GORD patients undergoing oesophageal acid
perfusion. In addition, it would be of great interest to
determine if there are differences in central processing of an
intra-oesophageal stimulus between GORD patients and those
with NERD or functional heartburn. It is also important to
begin to examine the role of psychophysiological states such
as stress, anxiety, and depression, and their effects on central
nuclei involved with perception of oesophageal stimuli. To
move forward, we will have to go from purely topographical
and phenomenological studies to more mechanistic studies
designed to address the pathways and neurotransmitters
involved in these symptoms. While the technology is there,
including PET and FMRI, it is essential that the right
questions be asked for the necessary progress to take place.

DIAGNOSIS
At present, there are no predictive factors that can be elicited
from history and thus can help us determine whether patients
with GORD symptoms have functional heartburn. In general,
there is no correlation between the severity of GORD
symptoms and the presence or absence of oesophageal
inflammation.8 Thus the diagnosis of functional heartburn
requires upper endoscopy to confirm the absence of mucosal
damage. However, endoscopy provides no information regard-
ing the other subgroups of NERD even if biopsies are obtained
from the distal oesophagus. In one study, biopsies were
obtained at 2 cm and 5 cm above the oesophagogastric
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junction in patients with NERD and a positive pH test, in
patients with functional heartburn, and in normal subjects.60

Oesophageal biopsies had a sensitivity of 46% in detecting
morphological abnormalities compatible with acid damage in
the oesophageal mucosa (elongated papillae, increased thick-
ness of the basal zone, and inflammatory cells infiltrate) of
NERD patients with an abnormal pH test. In patients with
functional heartburn, the sensitivity of biopsies ranged
between 0% at 2 cm and 9% at 5 cm (for elongated papillae
and increased basal thickness). This study suggests that
patients with functional heartburn will demonstrate very
little, if any, morphological changes consistent with GORD.

In addition to an unremarkable upper endoscopy, detection
of oesophageal acid exposure within the physiological range in
the distal oesophagus is necessary for diagnosing functional
heartburn. Presently, the latter can be achieved only by ambu-
latory 24 hour oesophageal pH monitoring. However, many
authorities suggest that invasive diagnostic modalities, such
as pH testing, should be reserved only for patients with classic
GORD symptoms who have failed standard dose PPI therapy.

“Establishment of a diagnosis such as functional
heartburn is important in patients who fail standard
dose PPIs”

Establishment of a diagnosis such as functional heartburn
is important in patients who fail standard dose PPIs. NERD
patients that are likely to fail PPI therapy commonly originate
from the functional heartburn group. Lind et al demonstrated
that approximately half of patients with functional heartburn
failed daily omeprazole 20 mg.15 Evaluation by ambulatory 24
hour oesophageal pH monitoring has been recommended in
those patients that continue to have typical GORD symptoms
on a standard dose PPI.61 Studies evaluating the extent of
oesophageal acid exposure in patients with functional
heartburn are still lacking, but in patients with NERD who
failed standard dose PPI the likelihood that the pH test will
demonstrate values within the normal range exceeds 60%.62

Although the exact ratio is unknown, most of these patients
are likely to have functional heartburn. However, in the reality
of clinical practice compounded by lack of general availability
of the pH test, many functional heartburn patients who fail
standard dose PPI will be offered double dose therapy. This
therapeutic approach may not lack merit because many
patients with a hypersensitive oesophagus will respond to
higher doses of PPI.63

CURRENT AND FUTURE TREATMENT
Very few studies have rigorously assessed treatment options in
patients with functional heartburn. In NERD patients, the
symptoms response rate after four weeks of standard dose PPI
therapy ranges between 46% and 57%.15 64 This surprisingly
low response rate is almost 10–30% less than what has been
observed in patients with erosive oesophagitis receiving a
similar dose.65 The functional heartburn group is likely the
main reason for the limited clinical response to PPI therapy in
NERD patients. More than 45% of patients with functional
heartburn reported insufficient control of heartburn after four
weeks of treatment with omeprazole 20 mg once daily.15 Inter-
estingly, in the same study, the authors demonstrated that in
patients with NERD receiving omeprazole 20 mg daily, the
higher the acid exposure in the distal oesophagus the greater
the symptom response. Thus duration of distal oesophageal
acid exposure appears to be a reliable predictive factor for
response to PPI therapy.

In patients with functional heartburn who failed standard
dose PPI, the hypersensitive oesophagus subgroup may
potentially respond to higher doses of PPI. Further suppres-
sion of gastric acid and thus minimisation of oesophageal acid

exposure may eventually result in symptom improvement or
possibly complete symptom relief. While using omeprazole
40 mg daily over a period of 14 days, Schenk et al demonstrated
a 37% symptom response rate in patients with functional
heartburn.19 In another study, omeprazole 40 mg in the morn-
ing and 20 mg in the evening were administered for a period
of seven days to patients with functional heartburn.21 More
than 40% of patients reported a greater than 50% reduction in
symptom intensity. Watson et al performed a double blind,
crossover, placebo controlled trial of omeprazole 20 mg twice
daily over four weeks in the treatment of patients with func-
tional heartburn.63 The drug improved symptoms in 61% of
subjects. As expected, almost all responders also had a positive
correlation between their symptoms and acid reflux events.
This study, although lacking long term follow up, further
cements the notion that the hypersensitive oesophagus
subgroup will likely respond to higher doses of PPI. It has yet
to be elucidated how high one can raise the PPI dose and still
improve symptoms or increase the number of responders.

Pain modulators have not been systematically studied in
patients with functional heartburn but may ultimately
become an essential component of the therapeutic armamen-
tarium for this disorder. The pain modulators may be effective
on their own in certain subsets of patients with functional
heartburn, or in combination with a PPI in others. Low doses
of tricyclic antidepressants, trazodone, or selective serotonin
reuptake inhibitors have been shown to reduce pain in other
functional oesophageal disorders, such as non-cardiac chest
pain.66 67 The 5-HT3 antagonists may also have a certain pain
modulatory effect, probably by altering initiation, transmis-
sion, or processing of extrinsic sensory information from the
gastrointestinal tract.68 The effect of 5-HT4 agonists on visceral
perception has yet to be examined in humans. Tegaserod, a
partial 5-HT4 agonist, may prove to be efficacious in patients
with functional heartburn by reducing acid reflux events and
potentially modulating oesophageal pain perception69 but
clinical studies are needed to support these possibilities. Other
agents with visceral analgesic effect, currently under investi-
gation, may eventually become important additions to our
treatment of functional bowel disorders as well as functional
heartburn. These include κ agonists, neurokinin receptor
antagonists (NK1 and NK2), as well as N-methyl-D-aspartate
receptor antagonists.54

“The role of antireflux surgery in functional heartburn
has not been assessed”

The role of antireflux surgery in functional heartburn has
not been assessed. Studies that evaluated the efficacy of
antireflux surgery in patients with NERD specifically excluded
those with normal pH testing.70 It is currently believed that
functional heartburn patients will not benefit from this type
of therapeutic intervention.

In summary, patients with functional heartburn should be
approached as patients with NERD and treated with antireflux
medications. Due to the need for profound acid suppression in
this group of patients, PPIs should be considered relatively
early in their care. Failure to respond to standard dose of PPI
will require doubling the dose. If patients continue to report
heartburn symptoms while receiving PPI twice daily (am—
before breakfast, and pm—before dinner), then adding or
switching to pain modulators may be appropriate.

In conclusion, functional heartburn is a common disorder
and appears to be composed of several distinct subgroups.
Presently, identifying the different subgroups based on clinical
history only is not achievable. Response to potent antireflux
treatment is relatively limited. Current and future treatment
strategies for functional heartburn patients who have failed
standard dose PPI include increased PPI dose in some as well
as addition of pain modulators in others.

890 Fass, Tougas

www.gutjnl.com



ACKNOWLEDGEMENT
This paper is a modified and updated version of a short paper orgin-
ally published in Spanish in a book entitled “Gastroenterología, Hepa-
tología y Nutrición Basadas en Evidencias”, Masson, Mexico, 2002.
This book contains handouts submitted to the 2001 annual course of
the Instituto Nacional de Ciencias Médidac y Nutrición Salvador
Zubiran, Mexico City, Mexico.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
R Fass, Department of Medicine, Section of Gastroenterology, Southern
Arizona VA Health Care System and University of Arizona Health
Sciences Center, Tucson, Arizona, USA
G Tougas, Division of Gastroenterology, Department of Medicine,
McMaster University, Hamilton, Ontario, Canada

REFERENCES
1 Komaroff AL. Symptoms in the head or in the brain? Ann Intern Med

2001;134:783–5.
2 Kroenke K, Harris L. Symptoms research: A fertile field. Ann Intern Med

2001;134:801–2.
3 Aronowitz RA. When do symptoms become a disease? Ann Intern Med

2001;134:803–8.
4 Sharpe M, Carson A. “Unexplained” somatic symptoms, functional

syndromes, and somatization: Do we need a paradigm shift? Ann Intern
Med 2001;134:926–30.

5 Dodds WJ, Dent J, Hogan WJ, et al. Mechanisms of gastroesophageal
reflux in patients with reflux esophagitis. N Engl J Med
1982;307:1547–52.

6 Mittal RK, Holloway RH, Penagini R, et al. Transient lower esophageal
sphincter relaxation. Gastroenterology 1995;109:601–10.

7 Baldi F, Ferrarini F, Longanesi A, et al. Acid gastroesophageal reflux
and symptom occurrence: Analysis of some factors influencing their
association. Dig Dis Sci 1998;12:1890–3.

8 Smout AJPM. Endoscopy-negative acid reflux disease. Aliment
Pharmacol Ther 1997;11(suppl 2):81–5.

9 Carlsson R, Frison L, Lundell L, et al. Relationship between symptoms,
endoscopic findings and treatment outcome in reflux esophagitis.
Gastroenterology 1996;110:A77.

10 Fass R. Focused clinical review: Nonerosive reflux disease. Medscape
2001;3:1–13.

11 Dent J, Brun J, Fendrick AM, et al. An evidence-based appraisal of reflux
disease management: the Genval Workshop Report. Gut
1999;44:S1–16.

12 Fass R, Fennerty MB, Vakil N. Nonerosive reflux disease—Current
concepts and dilemmas. Am J Gastroenterol 2001;96:303–14.

13 The Rome II International Working Teams. Functional heartburn. In:
Drossman DA, Corazziari E, Talley NJ, et al, eds. Rome II: the functional
gastrointestinal disorders, 2nd edn. Lawrence: Allen Press Inc,
2000:275–8.

14 Klinkenberg-Knol EC, Castell DO. Clinical spectrum and diagnosis of
gastroesophageal reflux disease. In: Castell DO, Richter JE, eds. The
esophagus, 3rd edn. Philadelphia: Lippincott Williams and Wilkins,
1999:375–80.

15 Lind T, Havelund T, Carlsson R, et al. Heartburn without oesophagitis:
efficacy of omeprazole therapy and features determining therapeutic
response. Scand J Gastroenterol 1997;32: 974–9.

16 Jones RH, Hungin ADS, Phillips J, et al. Gastroesophageal reflux disease
in primary care in Europe: clinical presentation and endoscopic findings.
Eur J Gen Pract 1995;1:149–54.

17 Johansson EK, Ask P, Boeryd B, et al. Oesophagitis, signs of reflux, and
gastric acid secretion in patients with symptoms of gastro-oesophageal
reflux disease. Scand J Gastroenterol 1986;21:837–47.

18 Winters C, Spurling TJ, Chobanian SJ, et al. Barrett’s esophagus. A
prevalent, occult complication of gastroesophageal reflux disease.
Gastroenterology 1987;92:118–24.

19 Schenk BE, Kuipers EJ, Klinkenberg-Knol EC, et al. Omeprazole as a
diagnostic tool in gastroesophageal reflux disease. Am J Gastroenterol
1997;92:1997–2000.

20 Johnsson F, Weywadt L, Solhaug J-H, et al. One-week omeprazole
treatment in the diagnosis of gastro-oesophageal reflux disease. Scand J
Gastroenterol 1997;33:15–20.

21 Fass R, Ofman JJ, Gralnek IM, et al. Clinical and economic assessment
of the omeprazole test in patients with symptoms suggestive of
gastroesophageal reflux disease. Arch Intern Med 1999;159:2161–8.

22 Martinez SD, Malagon IB, Garewal HS, et al. Non-erosive reflux
disease (NERD)—Is it really just a mild form of gastroesophageal reflux
disease (GERD)? Gastroenterology 2001;120(5, suppl 1):A424.

23 Mayer EA, Naliboff B, Lee O, et al. Review article: gender-related
differences in functional gastrointestinal disorders. Aliment Pharmacol
Ther 1999;13(suppl 2):65–9.

24 Waring JP. Nonerosive reflux disease. Semin Gastrointest Dis
2001;12:33–7.

25 Weiner GJ, Morgan TM, Copper JB, et al. The symptom index: A
clinically important parameter of ambulatory 24-hour esophageal pH
monitoring. Am J Gastroenterol 1988;83:358–61.

26 Meyer JH, Lembo A, Elashoff JD, et al. Duodenal fat intensifies the
perception of heartburn. Gut 2001;49:624–8.

27 Trimble KC, Pryde A, Heading RC. Lowered oesophageal sensory
thresholds in patients with symptomatic but not excess
gastro-oesophageal reflux: Evidence for a spectrum of visceral sensitivity
in GORD. Gut 1995;37:7–12.

28 Mayer EA. Spinal and supraspinal modulation of visceral sensation. Gut
2000;47(suppl 4):iv69–iv72.

29 A Gallup survey on heartburn across America. Princeton, NJ: The Gallup
Organization, 1988.

30 Cook IJ, Collins SM. Does acute emotional stress influence frequency or
duration of gastroesophageal reflux in human subjects? Gastroenterology
1986;90:1380.

31 Bradley LA, Richter JE, Pulliam TJ, et al. The relationship between stress
and symptoms of gastroesophageal reflux: The influence of physiological
factors. Am J Gastroenterol 1993;88:11–19.

32 McDonald-Haile J, Bradley LA, Bailey MA, et al. Relaxation training
reduces symptom reports and acid exposure in patients with
gastroesophageal reflux disease. Gastroenterology 1994;107:61–9.

33 Richter JE, Bradley LA. Psychophysiological interactions in esophageal
diseases. Semin Gastrointest Dis 1995;7:169–84.

34 Fass R, Malagon IB, Naliboff B, et al. Effect of psychologically induced
stress on symptom perception and autonomic nervous system response of
patients (PTS) with erosive esophagitis (EE) and non-erosive reflux disease
(NERD). Gastroenterology 2000;118(4):A637.

35 Tougas G, Spaziani R, Hollerback, et al. Cardiac autonomic function
and oesophageal acid sensitivity in patients with non-cardiac chest pain.
Gut 2001;49:706–12.

36 Fass R, Naliboff B, Higa L, et al. Differential effect of long-term
esophageal acid exposure on mechanosensitivity and chemosensitivity in
humans. Gastroenterology 1998;115:1363–73.

37 Pehlivanov ND, Liu J, Mittal R. Sustained esophageal contraction: A
motor correlate of heartburn symptom. Gastroenterology
1999;116:G4613.

38 Vaezi MF, Richter JE. Role of acid and duodenogastroesophageal reflux
disease. Gastroenterology 1996;111:1992–9.

39 Sifrim D, Holloway R, Silny J, et al. Acid, nonacid, and gas reflux in
patients with gastroesophageal reflux disease during ambulatory 24-hour
pH-impedance recordings. Gastroenterology 2001;120:1588–98.

40 Vela MF, Camacho-Lobato, L, Srinivasan R, et al. Simultaneous
intraesophageal impedance and pH measurement of acid and nonacid
gastroesophageal reflux: Effect of omeprazole. Gastroenterology
2001;120:1599–606.

41 Gebhart GF. Visceral pain—peripheral sensitisation. Gut 2000;47(suppl
IV):iv54-iv5.

42 Goyal RK, Hirano I. The enteric nervous system. N Engl J Med
1996;334:1106–15.

43 Grundy D, Scratcherd T. Sensory afferents from the gastrointestinal tract.
In: Schultz SG, Wood JD, Rauner BB, eds. Handbook of physiology, vol
1. New York: Oxford University, 1989:593–620.

44 Randich A. Visceral nerve stimulation and pain modulation. In: Johnson
LR, ed. Physiology of the gastrointestinal tract, 3rd edn. Amsterdam:
Elsevier, 1993:126–39.

45 Tougas G, Kamath MV, Garnett S, et al. Mapping of cerebral response
to vagal and esophageal stimulation using positron emission tomography
(PET) and topographic EEG in humans. Gastroenterology
1994;106:A486.

46 Mayer EA, Gebhart GF. Basic and clinical aspects of visceral
hyperalgesia. Gastroenterology 1994;107:271–93.

47 Rodrigo J, Hernandez CJ, Bidal MA, et al. Vegetative innervation of the
esophagus. III. Intraepithelial laminar endings. Acta Anat
1975;92:242–58.

48 Marrero JM, Caestecker JS, Maxwell JD. Effect of famotidine on
oesophageal sensitivity in gastro-oesophageal reflux disease. Gut
1994;35:447–50

49 Ferreira KG, Hill BS. The effect of low external pH on properties of the
paracellular pathway and junctional structure in frog skin. J Physiol
1982;332:59.

50 Hopwood D, Milne G, Logan KR. Electron microscopic changes in
human oesophageal epithelium in oesophagitis. J Pathol 1979;129:161.

51 Tobey NA, Carson JL, Alkiek RA, et al. Dilated intercellular spaces: A
morphological feature of acid reflux-damaged human esophageal
epithelium. Gastroenterology 1996;111:1200.

52 Orlando RC. Pathophysiology of gastroesophageal reflux disease. In:
Castell DO, Richter JE, eds. Esophagus, 3rd edn. Philadelphia: Lippincott
Williams & Wilkins, 1999;409–19.

53 Hollerbach S, Bulat R, May A, et al. Abnormal cerebral processing of
oesophageal stimuli in patients with noncardiac chest pain (NCCP).
Neurogastroenterol Mot 2000;12:555–65.

54 Sarkar S, Aziz Q, Woolf CJ, et al. Contribution of central sensitisation to
the development of non-cardiac chest pain. Lancet 2000;356:1154–9.

55 Aziz Q, Andersson JLR, Valind S, et al. Identification of human brain loci
processing esophageal sensation using positron emission tomography.
Gastroenterology 1997;113:50–9.

56 Minshohima S, Morrow TJ, Koeppe RA, et al. Involvement of insular
cortex in central autonomic regulation during painful thermal stimulation.
J Cereb Blood Flow Metab 1995;15(suppl 1):S859.

Functional heartburn 891

www.gutjnl.com



57 Talbot JD, Marrett S, Evans AC, et al. Multiple representations of pain in
human cerebral cortex. Science 1991;251:1355–8.

58 Vogt BA, Sikes RW, Vogt LJ. Anterior cingulate cortex and the medial
pain system. In: Vogt BA, Gabriel M, eds. Neurobiology of cingulate
cortex and limbic thalamus. Boston: Birkhauser, 1994:313–44.

59 Kern MK, Brin RM, Jaradeh S, et al. Identification and characterization
of cerebral cortical response to esophageal mucosal acid exposure and
distention. Gastroenterology 1998;115:1353–62.

60 Schindlebeck NE, Weibecke B, Klauser AG, et al. Diagnostic value of
histology in non-erosive gastro-oesophageal reflux disease. Gut
1996;39:151–4.

61 Kahrilas PJ, Quigley EMM. American Gastrointestinal Association
Medical Position Statement: guidelines on the use of esophageal pH
recording. Gastroenterology 1996;110:1981–96.

62 Fass R, Ofman JJ, Pulliam G, et al. Persistent symptoms of heartburn in
patients on standard doses of proton pump inhibitors (PPI) are not due to
acid reflux in most patients. Gastroenterology 1999;116:G0694.

63 Watson RGP, Tham TCK, Johnston BT, et al. Double blind cross-over
placebo controlled study of omeprazole in the treatment of patients with
reflux symptoms and physiological levels of acid reflux: the “sensitive
oesophagus”. Gut 1997;40:587–90.

64 Bate CM, Griffin SM, Keeling PW, et al. Reflux symptoms relief with
omeprazole in patients without unequivocal oesophagitis. Aliment
Pharmacol Ther 1996;10:547–55.

65 DeVault KR, Castell DO. Guidelines for the diagnosis and treatment of
gastroesophageal reflux disease. Arch Intern Med 1995;155:2165–73.

66 Clouse RE, Lustman PJ, Eckert TC, et al. Low-dose trazodone for
symptomatic patients with esophageal contraction abnormalities.
Gastroenterology 1998;92:1027–36.

67 Cannon RO, Quyyumi AA, Mincemoyer R, et al. Imipramine in patients
with chest pain despite normal coronary angiograms. N Engl J Med
1994;330:1411–19.

68 Camilleri M, Mayer E, Drossman D, et al. Improvement in pain and
bowel function in female irritable bowel syndrome patients with
alosetron, a 5-HT3-receptor antagonist. Aliment Pharmacol Ther
1999;14:1149–51.

69 Kahrilas PJ, Quigley EMM, Castell DO, et al. The effects of tegaserod
(HTF 919) on oesophageal acid exposure in gastro-oesophageal reflux
disease. Aliment Pharmacol Ther 2000;14:1503–9.

70 Fenton P, Terry ML, Galloway K, et al. Is there a role for laparoscopic
fundoplication in patients with non-erosive reflux disease (NERD)?
Gastroenterology 2000;118:2600.

www.gutjnl.com

See which articles have just been accepted for publication and

preview the table of contents for the next issue a month before it is published

Future content

What's in the next issue

892 Fass, Tougas

www.gutjnl.com


